The DBU (1,.0]undec-7-ene) derived task-specific ionic liquids [DBU]
Introduction
The aza-Michael addition is one of the widely used reactions for carbon-nitrogen bond formation in modern organic synthetic chemistry. Conjugate reaction of various amines with α,β-unsaturated carbonyl compounds provides β-amino carbonyl ingredients, which have attracted great attention for their use as key intermediates of anticancer agents, antibiotics and other drugs. 1 Generally, aza-Michael additions have been catalyzed by strong bases and acids, and some side reactions occurred. Therefore, chemical researchers have paid more attentions to the development of more mild catalytic systems for the aza-conjugate reaction. 3a β-cyclodextrin in water, 3b PEG (MW 400) and 2-metal catalysts, which limited their applications from the economic and environmental viewpoints, and more importantly, they have not involved in the aza-Michael reaction with α,β-unsaturated ketones as Michael acceptors. Basic ionic liquid [bmim]OH (1-butyl-3-methylimidazolium hydroxide) was first introduced as catalyst for the conjugate reaction of aromatic amines and to our disappointment, relatively long reaction times were required. 6 Thus, the development of an efficient and green protocol for aza-Michael addition of aromatic amines to electron-deficient ketones still remains a challenging task and is highly desirable. 1, .0]undec-7-ene (DBU) was found to be far superior to other tertiary amines and its applications in organic synthesis have been deeply investigated over the past decades. 7 Furthermore, DBU using as catalyst/promoter has also been used in aza-Michael reaction of various aliphatic and N-heterocycles amines. 8 As we all know, the typical disadvantages of organic bases, including unpleasant flavor and hardly recyclability generally exist in industrial process. Ionic liquids, due to their unique properties like good solvating ability, negligible vapor pressure, variable polarity, nonflammability and recyclability have been widely used as catalysts as well as reaction mediums in organic synthesis with more or less success.
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Herein we wish to develop some task-specific ionic liquids other than reported inert ionic liquids 10 derived from DBU for aza-Michael addition of aromatic amines to α,β-unsaturated ketones at room temperature under solvent-free conditions.
Results and Discussion
We synthesized three DBU-based task-specified ionic liquids by simply neutralization reaction of DBU and three carboxyl acids, acetic acid, lactic acid, and trifluoroacetic acid (Scheme1). The reaction of aniline with ethyl vinyl ketone (EVK) was selected as model to optimize the reaction conditions. First, using [bmim]OH which is highly efficient in Michael reaction of carbon nucleophiles and aliphatic amines as catalyst, 11 8 h was required for disappearance of the starting material ( With the efficient catalytic system in hand, EVK was treated with other aromatic amines. The results are summarized in Table 2 (entries [1] [2] [3] [4] [5] . Aromatic amines with electron-donating group at bezene ring were effective nucleophiles to react smoothly with EVK and excellent yields were afforded in very short reaction time (Table 2 , entries 1-2), while 2-Methyl substituted amine, due to its steric hindrance, reacted relatively slowly (entry 3). p-NO 2 substituted amine could not undergo the reaction at all (entry 5). Arylamine with weakly electron-drawing substitution Cl was also tested with EVK under the above reaction conditions and 95 % GC yield was obtained in 1 h (entry 4). In order to evaluate the generality of the ionic liquid [DBU] [Lac] as catalyst for aza-Michael reaction of aromatic amines, 2-cyclohexen-1-one, 2-cyclopenten-1-one and chalcone were tested under the same conditions (Table 2, entries 6-17). To our delight, 2-cyclohexen-1-one and chalcone were effective Michael acceptors to react with various arylamines, achieving good to excellent isolated yields (entries, 6-10, 14-17) . However, 2-cyclopenten-1-one showed relatively lower reactivity. Accordingly, higher temperature (60 ºC) was required (entries, 11-13 The recyclability of the ionic liquid [DBU] [Lac] was then studied using the reaction of aniline and 2-cyclohexen-1-one as a model. The results are shown in Table 3 . Upon the completion of the reaction, the reaction solution was extracted with ethyl acetate and purified by flash chromatography. The addition product was identified by 1 H NMR, 13 C NMR and mass spectra. The residual ionic liquid was washed with ethyl ether, dried under vacuum at 60 ºC for 2 h and reused for subsequent reactions. As shown in [Lac] as catalyst, various aromatic amines were subjected to 2-cyclohexen-1-one, 2-cyclopenten-1-one and chalcone, and good to excellent yields were obtained. This protocol also has some advantages, such as readily work-up of the reactions and excellent reaction selectivity and good recyclability of the ionic liquid (reused for 8 times without significant loss of activity).
were recorded on a Bruker Avance DPX 400 spectrometer at 400 MHz and 100 MHz in CDCl 3 and DMSO-d 6, respectively. Chemical shifts were reported in parts per million (δ), relative to the internal standard of tetramethylsilane (TMS). Melting points were determined usingYRT-3 apparatus and were not corrected. Mass spectrometry data were obtained on Brucker Esquire-LC for electro-spay (MS-ES) measurements. Elemental analysis was carried out on a Carlo Erba 1160. All reactions were monitored by thin layer chromatography (TLC). Flash chromatography was performed on silica gel (100-200 mesh). All Michael adducts were purified through column chromatography and were characterised by NMR analysis, melting points and MS.
General procedure for preparation of ionic liquids [DBU][Lac], [DBU][Ac] and [DBU][Tfa]
. DBU (6 mmol) was added to a 50 mL three -necked flask cooled by ice bath. Carboxylic acid (6 mmol) was then added dropwise at the temperature (≤5 ºC) with thorough mixing. After dropwise addition, removed the ice bath and the reaction mixture was stirred at room temperature for 24 h. 4, 165.2, 53.1, 47.9, 37.8, 31.2, 28.6, 26.5, 25.1, 24.0, 19.5; Anal. Calcd for [DBU] [Ac] C, 62.10; H, 9.55; N, 13.11; O, 15.24. Found C, 62.23; H, 9.50; N, 13.20; O, 15 4, 115.5, 54.3, 48.5, 38.0, 32.3, 28.9, 26.6, 23.8, 19.3 General procedure for aza-Michael reaction of aliphatic amines with α,β-unsaturated compounds To a mixture of the aromatic amine (1 mmol) and Michael acceptor (1.5 mmol) in 10 mL flask equipped with a magnetic stirrer was added ionic liquid [DBU] [Lac] (0.3 equiv). The reaction mixture was stirred at room temperature for the desired time until the disappearance of starting material monitored by TLC. Upon completion of the reaction, the mixture was extracted with ethyl acetate for several times. The combined organic phase was concentrated through vacuum evaporation and the resulting crude product was purified by silica column chromatography to give the desired product. These products are in good agreement with spectra data of literatures. 145.6, 130.2, 127.0, 122.5, 117.0, 109.5, 41.1, 38.3, 36.3, 17.4, 7.6; . 4, 146.0, 129.1, 117.6, 113.0, 52.0, 48.2, 40.8, 30.7, 21.8; . 1, 127.4, 113.8, 52.9, 48.9, 41.4, 31.3, 22.4, 20.6 ; ESI-MS (m/z): 204 (M+1). 4, 142.7, 129.3, 127.8, 119.4, 117.9, 111.7, 50.9, 45.8, 36.6, 29.7 ; ESI-MS (m/z): 210 (M+1). 3-(2-Bromoanilinyl)-cyclopentan-1-one ( 4, 143.7, 132.6, 128.5, 118.5, 111.8, 110.1, 51.1, 45.8, 36.6, 29.7; 146.9, 142.9, 136.5, 133.4, 129.0, 128.8, 128.7, 128.2, 127.3, 126.3, 117.7, 113.7, 54.6, 46. 3; ESI-MS (m/z): 302 (M+1).
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